Aims: Low-density lipoprotein (LDL)-lowering statin therapy is an established secondary stroke prevention strategy. However, the differential impact of key non-LDL levels on recurrent stroke risk, while on lipid-modifying therapy (LT), remains unclear.
Introduction
Primarily through their effects on lowering lowdensity lipoprotein cholesterol (LDL-C), statins have a proven role in preventing primary and secondary vascular events, and expert consensus guidelines endorse intensive LDL-lowering therapy for the secondary prevention of stroke 1, 2) . However, intensive LDL-lowering with high dose statins, or statins plus other agents (ezetimibe or PCSK9 inhibitors), may not be enough to ward off the vascular risk linked to adverse serum lipid derangements. For instance, other serum lipid indices such as low high-density lipopro- primary reason for focusing on HDL-C more than triglycerides was based on a review of the literature, which demonstrated a strong association of low HDL-C levels with stroke risk in the elderly 7, 8) and the development of symptomatic intracranial atherosclerotic stenosis 9) , which is associated with a higher risk of recurrent stroke compared with other stroke subtypes 10) ; moreover, we did not find published data showing a clear link between high serum triglyceride levels and the risk of vascular events after a stroke. The cut-off values of HDL-C and triglycerides were determined on the basis of the sex-specific criteria of the metabolic syndrome 11, 12) . The mean follow-up lipid profile, including HDL-C and triglycerides from the baseline to the final visit, was calculated for each participant.
Assessment of Endpoints
The primary outcome for this analysis was ischemic stroke. The secondary outcome was a composite of ischemic stroke, coronary heart disease (CHD), or vascular death as major vascular events (MVEs). The tertiary outcome was all-cause death. Each adjudicated endpoint in VISP was verified through the consensus of a review committee 6) .
Statistics
Comparisons across the LT categories were examined using the one-way analysis of variance, followed by the Dunnett post hoc test for multiple comparisons, for continuous variables and the 2 test for categorical variables. Participants with no outcome events were censored at the last follow-up examination, at the last visit until they died, or when they experienced an endpoint. A total of 1077 patients had relatively few follow-up lipid data since randomization: 715 (19.6%) had one or two follow-up lipid data and 362 (9.9%) had no follow-up. For the latter patients, baseline lipid was used as the proxy. Participants with no LT (level 0) were the referent group for the purposes of comparison. Baseline demographic and clinical covariates were preselected on the basis of previous studies of factors that influence vascular events after ischemic stroke. Backward stepwise elimination Cox proportional hazard regression analyses were performed to estimate the risk of endpoints over 2 years after adjusting for covariates (unadjusted p 0.10): age, sex, ethnicity, mini-mental state examination score, BMI, systolic blood pressure, serum levels of mean total cholesterol and mean LDL-C during follow-up, hypertension, diabetes mellitus, smoking, history of CHD, history of heart failure, history of carotid artery endarterectomy, history of alcohol use, antihypertensive use, and antithrombotic use. A total of 2563 participants with ondary serum lipid targets, that is, non-LDL-C parameters, while on lipid-modifying therapy (LT), could foster the development of interventions aimed at reducing such a risk. Comparing the presumably different serum lipid profiles may highlight variations in risk burden after stroke that may facilitate strategies for targeting patients at especially high vascular risk. The aim of this study was to investigate the associations of key non-LDL-C parameters with recurrent vascular events after stroke, while on LT.
Methods

Study Subjects and Database
We reviewed data from the Vitamin Intervention for Stroke Prevention (VISP) trial 6) . The methods and main results of this trial have been previously reported 6) . Briefly, VISP enrolled 3680 subjects aged ≥ 35 years to determine whether high doses of multivitamin (folic acid, pyridoxine, and cobalamin) given to lower the total homocysteine levels would reduce the risk of recurrent stroke and major vascular events in subjects with a noncardioembolic stroke within 120 days 6) . Demographic, clinical, and laboratory data were collected at baseline, with subsequent clinical and laboratory information obtained at follow-up visits of 1, 6, 12, 18, and 24 months (lipid profile at 1, 12, and 24 months or the final visit) 6) . For each patient, hypertension, diabetes mellitus, and body mass index (BMI), which was calculated as the weight in kilograms divided by the square of height in meters, were retrieved at the baseline visit. We also assessed the use of secondary prevention medications, including antihypertensive, antithrombotic (antiplatelet/ anticoagulation), and LT; all of them were collected at every 6-month interval follow-up visit. The trial was approved by the ethics committee or the institutional review board at each national or local site, and all the participants provided written informed consent before enrolment 6) .
Categories of Lipid-Modifying Therapy and Non-LDL Levels (LT Categories)
LT included statins mostly ( 95%), ezetimibe, fenofibrate, niacin, and omega-3 fatty acids. The study participants were categorized into four groups according to their presumed appropriateness level for LT and mean non-LDL levels during the follow-up: level 0, no LT prescribed; level I, LT with low HDL-C ( 40 mg/dL for men; 50 mg/dL for women) regardless of triglyceride levels; level II, LT with high HDL-C (≥ 40 mg/dL for men; ≥ 50 mg/dL for women) and high triglycerides (≥ 150 mg/dL); and level III, LT with high HDL-C and low triglycerides ( 150 mg/dL). The pressure and BMI, and had less frequencies of nonwhite, diabetes, and smoking. Table 2 shows the baseline, final, and change in the lipid levels by LT categories. At the final visit, the mean levels of lipids, including total cholesterol, LDL-C, and triglycerides, were significantly lower whereas the HDL-C levels were higher in the level III group, when compared with the level 0 group, and each of the mean lipid changes were significantly different across the LT categories. Furthermore, the frequencies of mean LDL-C 100 mg/dL and mean LDL-C 70 mg/dL at the final visit were more likely to be higher in the level I group across the LT categories.
Comparisons of Lipid Profiles by LT Categories
Effect of LT on Vascular Outcomes by Non-LDL Levels
During the 2 years of follow-up, a total of 298 (8.2%) incident ischemic strokes, 608 (16.7%) MVEs, and 207 (5.7%) all-cause deaths were recorded. The results of the adjusted associations between LT categories and vascular outcomes are given in Table 3 and Figs. 2 and 3. The unadjusted HR for ischemic stroke for level III was 0.59 (95% CI, 0.41-0.86; p 0.006) vs. level 0, and this association remained stable (0.63, 0.43-0.91; p 0.015 and ptrend 0.0371) after multivariable adjustment. When compared with level 0, the unadjusted HR for MVEs was lower in the level II group (0.75, 0.57-1.00; p 0.048) and in the level III group (0.70, 0.55-0.90; p 0.006), and these associations remained similar after adjusting for multiple covariates (0.75, 0.56-1.01; p 0.062 for level II; 0.72, 0.55-0.93; p 0.013 for level III; ptrend 0.0031). The unadjusted HR for all-cause death was lower in the level I group (0.67, 0.48-0.93; p 0.017), in the level II group (0.55, 0.33-0.91; p 0.020), and in the level complete follow-up lipid data after excluding 1077 subjects with incomplete data were also analyzed. A linear trend of adjusted hazard ratios (HRs) across the LT categories was examined using a likelihood ratio test. The interaction between demographic/clinical characteristics and LT categories in predicting the risk of outcome events was assessed by including the appropriate interaction terms in the model. The results are given by HR and its 95% confidence interval (CI). The above analyses were conducted using IBM SPSS Version 22.0 (IBM Corp., Armonk, NY), and the survival curves were fit by the log-rank tests using MedCalc software version 5.0 (Mariakerke, Belgium). A probability value of 0.05 was considered to be statistically significant.
Results
Participants' Characteristics by LT Categories
A total of 3640 participants (mean age, 66.3 10.8 years; male, 62.4%; white, 79.5%) were included in this study from 3680 participants after excluding 40 subjects with no total available lipid data ( Fig. 1) . During the follow-up visits, 54.5% received LT medication, 81.3% received antihypertensive medication, and 93.4% received antithrombotic medication. Overall, 16.5% of the total participants received optimal LT (level III). The demographics and clinical features of participants by LT categories are provided in Table  1 . Compared with participants with level 0, those receiving optimal LT were more likely to be older, had higher levels of HDL-C, showed greater frequencies of hypertension, history of CHD, history of heart failure, history of carotid artery endarterectomy, history of alcohol use, antihypertensive use, and antithrombotic use, but had lower levels of total cholesterol, LDL-C, and triglycerides, had lower systolic blood Table 1 provides the unadjusted and adjusted associations between LT categories and vascular outcomes in 2563 patients with complete follow-up lipid data, which is a roughly similar pattern to the findings from Table 3 . Compared with level 0, level III was linked to a lesser risk of ischemic stroke (0.56, 0.34-0.91; p 0.018) and MVEs (0.72, 0.52-0.98; p 0.038), but showed a trend toward a lower risk of all-cause death after multivariable adjustment. The adjusted HRs of covariates included in the III group (0.45, 0.28-0.72; p 0.001) vs. level 0, and these associations also remained similar after multivariable adjustment (0.69, 0.48-1.00; p 0.048 for level I; 0.62, 0.36-1.08; p 0.089 for level II; 0.49, 0.29-0.81; p 0.006 for level III; ptrend 0.0008). Kaplan-Meier curves are shown in Figs. 2 and 3 , where a divergence between levels II and III was not noted in the curve for MVEs ( Fig. 2B) and that for all-cause death (Fig. 3) . When the level I group was set as the referent group however, no significant association between the higher LT category level and Values are expressed as number (%) or mean deviation, as appropriate. MMSE, mini-mental state examination; BMI, body mass index; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; NIHSS, National Institutes of Health Stroke Scale; and CEA, carotid artery endarterectomy. Level 0 indicates no lipid-modifying therapy (LT); Level I, LT with low HDL-C ( 40 mg/ dL for male; 50 mg/dL for female); Level II, LT with high HDL-C (≥ 40 mg/dL for male; ≥ 50 mg/dL for female) and high triglycerides (≥ 150 mg/dL); level III, LT with high HDL-C and low triglycerides ( 150 mg/dL). Indicates significant difference between them (p 0.05) by Dunnet post hoc tests. Before VISP qualifying stroke. 
Discussion
We found that noncardioembolic stroke patients with high HDL-C and low triglycerides on LT (level III) had a 37% lower risk of recurrent stroke when compared with those not on LT (level 0). Although stroke patients with low HDL-C (level I) and high HDL-C (level II) on LT had comparatively lower rates of recurrent stroke by 22% and 20%, respectively, vs. those not on LT, these differences did not reach statistical significance. Multivariable analyses of MVEs and all-cause death followed a similar pattern of declining risk with higher LT category level. Our findings are independent of the higher frequency of having cardio-multivariable Cox model are given in Supplemental  Table 2 . Among them, independent predictors of all the primary, secondary, and tertiary outcome events were a low mini-mental state examination score and diabetes mellitus. Hypertension was linked to an increased risk of both the primary and secondary outcome events. The interaction effect between variables and LT classes on the risk of outcomes is shown in Supplemental Table 3 . There was a significant interaction of age with all-cause death in the level I group (p 0.011) and of smoking with MVEs in the level III group (p 0.023). tion of recurrent stroke and TIA by 29% during the 5-year follow-up period, the risk of which was much lower by 51%, when combined with C-reactive protein (CRP) 1 mg/dL, compared with LDL-C ≥ 120 mg/dL and CRP ≥ 1 mg/dL 19) .
In an attempt to modify atherogenic dyslipidemia, clinical trials of fibrates, niacin, and cholesteryl ester transfer protein inhibitors have yielded disappointing results with respect to vascular reductions 20) . However, fibrates revealed the benefit of cardiovascular risk reduction in patients with type 2 diabetes mellitus with hypertriglycemia in meta-analyses 21) . Moreover, among subjects with baseline triglycerides 2 mmol/L, the major cardiovascular events were inversely associated with the magnitude of triglyceride-lowering therapy in a metaregression analysis of the fibrate trials 22) . Our findings showed that in the level III group, the mean HDL-C and triglyceride levels were highest and lowest, respectively, from the baseline, although changes in level were more likely to be greater across the LT categories. The effect of fibrates needs to be reappraised in future among stroke patients with atherogenic dyslipidemia. In contrast to the negative findings of several trials, a high dose of icosapent ethyl (a total daily dose of 4 g) significantly reduced cardiovascular events, including stroke, by 25% in statin-treated patients with elevated triglyceride levels, among whom over 70% had established cardiovascular disease 23) .
Several limitations need to be acknowledged. First, VISP was conducted over a decade ago, before the era of Get With The Guidelines (GWTG) for lipid management. The use of LT in VISP was lower than that from GWTG-Stroke from 2003 to 2012 24) (54.5% vs. 81.1%). Furthermore, the VISP dataset did not provide index stroke subtype, culprit vascular status, or socioeconomic status, which could reflect high-risk patients. The use of fixed-dose high-intensity or moderate-intensity statin therapy for secondary stroke prevention on the basis of the 2013 ACC/AHA cholesterol guidelines 2) and the triage of high-risk patients to attain LDL target levels ( 70 mg/dL) 18) should have shown more viable and beneficial results. Second, partial missing components of lipid data from the 1077 participants, besides the complete exclusion of 40 participants, might have influenced the current results, jeopardizing the precision of estimates for lipid levels and outcomes. Third, we could not measure to what extent nonstatin drugs were prescribed across the LT categories to see the modulating effect on atherogenic dyslipidemia. Finally, the post hoc exploratory analysis of a completed randomized trial did not allow us to establish a cause-effect relationship between LT categories and outcomes. Despite the aforementioned vascular comorbidities and antihypertensive and antithrombotic medication compared with the level 0 group.
Although statin therapy exerts beneficial effects via its potent LDL-C-lowering properties, it is also well known that statins significantly lower the non-HDL-C and triglyceride levels. Indeed, statins have been shown to lower the triglyceride levels by up to 20%; however, it would appear that the higher the baseline triglyceride level, the stronger the triglyceridelowering effect 13) . On the contrary, statin treatment may boost HDL-C levels by 4%-10% 14) , and the HDL-C target level of 40 mg/dL is frequently not achieved with statins 15) . Given all the aforementioned facts, the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) guidelines 16) have previously advised that lowering the LDL-C levels should be the primary target of therapy. The secondary target should be to achieve a triglyceride level 150 mg/dL, but clinical trial data are insufficient to support a specific HDL-C goal even though HDL-C 40 mg/dL is an established cardiovascular risk factor 17) . The updated American Heart Association/American Stroke Association (AHA/ASA) guidelines are consistent with these recommendations 18) . Our findings indicate that targeting triglycerides after an index ischemic stroke is probably beneficial, but the role and best strategy for addressing low HDL-C levels remain an open question.
AHA/ASA recommended a target LDL attainment of 100 mg/dL for patients with stroke or TIA presumed to be of atherosclerotic origin 18) . Our study showed that during the follow-up visits, 54.5% received LT medication, and the attained mean LDL levels at the final visit were 97.6, 106.5, and 99.5 mg/ dL in levels I, II, and III, respectively (vs. 121.2 mg/ dL in level 0). Suboptimal attainment ( 100 mg/dL) to the recommended LDL target in level II might have attenuated the reduction power of stroke, MVEs, and all-cause death in level II.
When referenced to level I, there was no significant association between the optimal LT class and outcome events, which might be due to similarly attained LDL-C levels between level I (97.6 mg/dL) and level III (99.5 mg/dL) and the relatively higher frequency of attained LDL-C levels 100 mg/dL (58.6% vs. 54.4%, respectively) and 70 mg/dL (16.7% vs. 14.0%, respectively). Taken together, these findings provide supporting evidence for the beneficial implications of statins as an important strategy for secondary stroke prevention. As such, in a recent substudy from the Japan Statin Treatment against recurrent stroke (J-STARS), achieving LDL-C levels 120 mg/dL by pravastatin showed a significant risk reduc-limitations, this study shows potential promising associations between optimal LT category level (modifying non-LDL added to LT) and vascular outcomes in patients after a noncardioembolic stroke.
Conclusion
Our study demonstrates that LDL-lowering therapy along with high HDL-C and low triglyceride levels may be associated with a further benefit in reducing vascular outcomes, particularly recurrent stroke (vs. LDL-lowering alone) among patients with noncardioembolic stroke. Although the VISP population was not provided with the best medical management aimed at a designated LDL target to prevent recurrent stroke, our compelling findings suggest that there is a residual opportunity for advancement in the secondary prevention of stroke through the optimization of lipid profiles, especially for non-LDL-C. Our findings need to be validated through prospective studies with general stroke populations. 
